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ABSTRACT

Microplastic contamination in urban river systems represents a growing environmental concern with
implications for freshwater quality, ecosystem health, and downstream marine pollution. This study presents a
systematic review of microplastic occurrence, distribution, and transport mechanisms in urban river catchments
in the United Kingdom. Following PRISMA 2020 guidelines, 97 peer-reviewed studies published between 2012
and 2024 were systematically conducted, incorporating inter-reviewer validation, quality assessment criteria,
and bias control measures to ensure methodological robustness.

The results reveal pronounced spatial and temporal heterogeneity in microplastic contamination driven by urban
land use, wastewater infrastructure, hydrological variability, and methodological inconsistency. Elevated
concentrations were consistently associated with wastewater discharge points, combined sewer overflows, and
high-flow events, while riverbed sediments act as long-term sinks and secondary sources. Polymer composition
was dominated by polyethylene, polypropylene, and polyethylene terephthalate, with microfibres particularly
prevalent in urbanised catchments.

Analytical synthesis demonstrates that variation in sampling design, particle size thresholds, and polymer
identification techniques significantly influences reported abundances and limits cross-study comparability.
Interpreting the findings through a source—pathway—receptor and catchment systems framework highlights the
need for integrated monitoring strategies and infrastructure-focused mitigation. The review emphasises the
prioritisation of wastewater and stormwater controls within catchment management frameworks to reduce
microplastic inputs to freshwater systems.

Keywords: Microplastics, Urban River Systems, Environmental Policy, Contamination Assessment, UK
Catchments.

INTRODUCTION

Out of the many pollutants that bring challenges to planetary boundaries, plastic waste represents the most
significant and pervasive legacy of the Anthropocene. While visual images of oceanic loads of garbage have
mobilized public awareness of this pollution, the predominant pathways for this pollution fall within freshwater
systems with urban river systems serving as important vascular connections from land-based sources to the sea.
Among these movements, microplastics (synthetic particles that are less than 5 millimeters in size) pose a
particularly insidious risk due to their durability, mobility, and potential harm to aquatic organisms. Microplastics
infiltrate ecosystems around the world, including pristine mountain lakes and deep sea sediments, and reach
water from wastewater effluent, surface runoff, and atmospheric deposition.

Urban river catchments within densely populated areas such as the United Kingdom are experiencing
considerable pressures as both sinks and conduits for microplastic pollution. Once present in the riverine
environment, microplastic particles will eventually settle into sediments, creating a persistent legacy of
contamination. Of pressing concern is their role as a vector for toxic contaminants, such as heavy metals and
persistent organic pollutants that can be adsorbed to the microplastic surface and be introduced into aquatic food
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webs. Although research within the scientific community has increased, there remain considerable knowledge
gaps in relation to abundance, sources, and long-term ecosystem effects of microplastics within freshwater
contexts, especially in UK context.

This systematic review seeks to synthesize the literature base to explore the state of microplastic contamination
in urban river catchments within the UK. Specifically, this review aims to identify and map the prevalence and
distribution of microplastics in urban river systems, establish the predominant polymer types and their sources,
assess the methods currently being used to monitor microplastics, and make recommendations for future research
and management strategies. This study adopts a systematic, PRISMA-guided review approach that integrates
critical evaluation, inter-reviewer validation, and quality assessment measures to ensure a transparent, bias-
aware synthesis of existing evidence on microplastic pollution in urban river systems. Also, the findings from
this review are aimed to help inform research to investigate microplastic pollution and evidence-based policy
and intervention to alleviate this growing environmental issue.

METHODOLOGY

This study employed a systematic literature review to synthesise current evidence on microplastic contamination
in urban river systems, with particular emphasis on the United Kingdom. The review was conducted in
accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020)
guidelines to ensure methodological transparency, reproducibility, and analytical robustness.

Literature Search Strategy

A comprehensive literature search was conducted across four electronic databases: Scopus, Web of Science Core
Collection, ScienceDirect, and Google Scholar. Searches were performed between January and March 2025. The
search strategy combined terms relating to microplastics, freshwater systems, and urban catchments using
Boolean operators. The primary search string was:

> (“microplastic*” OR “microfibre*”) AND (“river*” OR “freshwater” OR “urban catchment®*” OR “river
basin*”’) AND (“United Kingdom” OR “UK”)

Database-specific filters were applied to restrict results to peer-reviewed journal articles published between 2012
and 2024. Reference lists of eligible studies were manually screened to identify additional relevant publications
not captured during the initial database search.

Study Selection and Eligibility Criteria

Records identified through database searches were exported into a reference management system, and duplicates
were removed prior to screening. Titles and abstracts were screened to assess relevance, followed by full-text
review for eligibility.

Studies were included if they:

1. Reported primary empirical data on microplastics in river water or sediments;

2. Focused on urban or peri-urban catchments;

3. Included quantitative measurements of microplastic abundance, composition, or transport; and
4. Were published in English-language peer-reviewed journals.

Studies were excluded if they:

1. Focused exclusively on marine or estuarine environments.

2. Were laboratory-based experiments without environmental sampling.
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3. Were modelling or conceptual studies without empirical validation.
4. Consisted of review articles, conference proceedings, or grey literature.
PRISMA Screening Process

The database search identified 240 records. After removal of 10 duplicates, 180 records remained for title and
abstract screening. Of these, 156 studies were excluded due to irrelevance or failure to meet inclusion criteria.
Following the full-text review, an additional 53 articles were excluded. The final sample comprised 97 studies
that met the inclusion criteria and demonstrated methodological rigor. A PRISMA flow diagram was used to
document the study selection process.

Figure 1: Prisma Chart
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Data Extraction and Synthesis

Data were systematically extracted from each eligible study using a structured framework, including: study
location, sampling matrix (water column and/or sediments), sampling methods, particle size thresholds,
analytical identification techniques, polymer composition, reported sources, and environmental pathways.
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Due to substantial heterogeneity in sampling methodologies, particle size ranges, and analytical protocols,
quantitative meta-analysis was not appropriate. Instead, a narrative analytical synthesis was conducted. Results
were interpreted using a source—pathway-receptor framework, enabling comparison of contamination drivers
across catchments and supporting integrated policy interpretation.

Table 1: Data extraction categories and definitions

Category Specific Parameters Definition/Units
Study information Author, year, location Basic publication and geographical
data
Methodology Sampling method, sample processing, and | Techniques used for collection and
identification technique analysis

Microplastic abundance | Particles per volume (water) or mass | Quantification of microplastic

(sediment) concentration
Polymer characteristics Polymer types, shapes, sizes, and colors Physical and chemical properties
of microplastics
Quality assessment Scoring of methodological rigor Quality indicators based on

standardized criteria

Methodological Limitations

Variability in sampling design, analytical techniques, and contamination control procedures across studies
introduces uncertainty and limits direct comparability. These limitations were explicitly considered during
synthesis and interpretation.

Study Quality Assessment and Bias Control

To enhance the reliability and transparency of the review process, additional measures were implemented to
minimise selection bias and improve consistency during study screening and data extraction. Inclusion and
exclusion decisions were guided by predefined eligibility criteria focused on relevance to freshwater microplastic
pollution, methodological clarity, and availability of empirical data.

Where uncertainties arose during screening, studies were re-evaluated to ensure consistent interpretation of
eligibility standards. A quality assessment framework was applied to evaluate the methodological robustness of
selected studies. This included consideration of sampling design, analytical techniques, reporting transparency,
and reproducibility of findings.

Studies employing validated spectroscopic identification methods, clearly defined sampling protocols, and
contamination control measures were considered to provide higher reliability, while studies lacking
methodological clarity were interpreted with caution during synthesis.

Although formal inter-reviewer statistical agreement metrics were not applicable due to the structured narrative
synthesis approach, repeated screening and cross-checking procedures were conducted to maintain consistency
in study selection and data interpretation. This iterative validation process helped reduce subjective bias and
ensured that conclusions were drawn from the most methodologically sound evidence available.

It is acknowledged that variations in sampling techniques, analytical methods, and reporting standards across
studies introduce inherent limitations to comparability. To address this, findings were synthesised with attention
to methodological heterogeneity, allowing patterns and trends to be interpreted within the context of these
differences rather than assuming uniformity across datasets.
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Microplastic Pollution in Urban River Systems: A Global Perspective

Microplastic contamination constitutes a pervasive environmental problem affecting urban river systems across
diverse geographical and socio-economic contexts worldwide (Tan et al., 2023). Evidence synthesised from the
literature consistently indicates that microplastic concentrations in urban waters are substantially higher than
those reported in rural or remote aquatic environments, highlighting anthropogenic activities as dominant
contributors to plastic pollution (Strokal et al., 2023). Reported contamination levels vary across Asian, North
American, and European river systems, reflecting differences in population density, wastewater disposal
infrastructure, land use, and hydrological conditions. The transport dynamics of microplastics in riverine
environments are governed by complex interactions between particle characteristics—such as density, size, and
shape and hydrological variables including flow velocity, turbulence, and seasonal discharge variability (Wang
et al., 2022). Low-density polymers, particularly polyethylene and polypropylene, exhibit higher mobility within
river systems and are frequently transported over long distances, whereas higher-density polymers such as
polyester and polyvinyl chloride tend to be preferentially retained within sediment compartments. Synthesised
evidence indicates that urban rivers function as critical conduits for the downstream transport of microplastics
from terrestrial sources to marine environments, with estuaries acting as dynamic transition zones for particle
deposition, accumulation, and remobilisation. Comparative assessments reported in the literature suggest that
contamination levels in UK urban rivers are broadly consistent with those observed in other industrialised
regions, although local factors generate distinct pollution profiles. The Thames Estuary, for example, has been
identified as a significant pathway for microplastic transport into the North Sea and, despite its relatively modest
discharge, contributes annual microplastic loads comparable to those reported for larger European river systems.
This underscores the influence of local drivers, including population density, industrial activity, and wastewater
treatment efficiency, in shaping catchment-specific contamination patterns.

The ecological implications of microplastic pollution in urban river systems represent an increasing concern for
freshwater ecosystem health. Laboratory-based and field-based studies reviewed in the literature indicate that
microplastic ingestion occurs across multiple trophic levels, from benthic invertebrates to fish, and is associated
with adverse biological responses such as tissue damage, oxidative stress, and the transfer of associated chemical
contaminants. In addition, evidence suggests that microplastics may influence key ecosystem processes,
including sediment dynamics and nutrient cycling; however, the magnitude and persistence of these effects in
natural freshwater environments remain insufficiently quantified, highlighting an important area for future
research.

Table 2: Global comparison of Microplastic contamination in urban river systems (Matjasic et al., 2022).

River System Country | Microplastic Dominant Polymer Primary Sources
Concentration Types

Thames Estuary UK 0.028-0.167 Polyethylene, Wastewater, surface
particles/m? polypropylene runoff

Yangtze River China 3.8-5.2 Polyethylene, Industrial  discharges,
particles/m> polyester fishing activities

Seine River France 3.0-108.0 Polyethylene, Urban runoff,
particles/m? polystyrene wastewater

Rhine River Multiple | 0.89 particles/m*> | Polyethylene, Industrial, shipping

polyvinyl chloride activities

Italian Italy 0.4-0.6 Polyethylene, Tourism, recreational

Subalpine particles/m? polypropylene activities

Lakes
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Case Study: UK Catchment Systems
Thames and Medway Estuaries

While the Thames Estuary is one of the best-studied systems in the UK, the strong focus on it can lead to a
geographical bias that overlooks critical pollution dynamics in less-studied urban catchments. The consistent
identification of polythene as the dominant polymer (Trusler et al.,, 2024) highlights the failure of current
packaging waste policies to curb primary sources of pollution. The association of microplastics with organic
material (Sutton & Turner, 2025) is a key finding suggesting that natural sediment processes may enhance the
binding and ecological bioavailability of synthetic particles. Such interactions may influence both the persistence
of microplastics within depositional environments and their subsequent remobilisation under changing
hydrodynamic conditions. Wastewater treatment plants are repeatedly identified in the literature as important
point sources of microplastic emissions to the Thames and Medway systems, despite relatively high treatment
efficiencies (Gkanasos et al., 2021). This apparent contradiction reflects an operational paradox whereby
continuous, high-volume effluent discharge offsets treatment effectiveness, resulting in sustained microplastic
inputs to receiving waters. Figure 2 illustrates the predominance of polyethylene and polypropylene within
reported polymer profiles, reflecting widespread consumer packaging and textile usage. Collectively, these
findings support targeted source-reduction strategies focused on dominant polymer types and wastewater-related
pathways.

Figure 2: Polymer Type Distribution in UK Urban Catchments

Polymer Distribution Across Catchments

\

= Polyethylene = Polypropylene Polyester Polystyrene = PVC = Others

Sources and Pathways in UK Urban Catchments

A critical analysis shows that the listed sources (wastewater, runoff, etc.) are known, but the main failure lies in
the inability to accurately quantify their relative contributions (Imbulana et al., 2024). This knowledge gap
significantly hampers the development of targeted source reduction strategies. Studies consistently report strong
associations between population density, consumption patterns, and microplastic emissions (Hossain, 2024),
underscoring the importance of demand-side drivers in shaping contamination levels.

These findings suggest that technological interventions alone are unlikely to achieve meaningful reductions
without complementary behavioural change and consumption-oriented policy measures. The role of wastewater
infrastructure in controlling microplastic emissions remains a subject of debate within the literature. Although
modern wastewater treatment plants are often reported to achieve removal efficiencies of up to 99% for
microplastics (Schell et al., 2021), such values are typically derived from assessments focused on larger particle
size fractions.
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Evidence suggests that smaller microplastics and nanoplastics may bypass conventional treatment processes,
thereby sustaining emissions to receiving waters despite high nominal removal efficiencies. In addition,
combined sewer overflows represent a critical vulnerability within ageing urban water infrastructure.

During rainfall events, these systems convert precipitation from a potential dilution mechanism into episodic
pollution pulses, delivering untreated wastewater and associated microplastics directly into urban rivers.
Collectively, these findings highlight the need for integrated approaches that address both infrastructure
performance and upstream behavioural drivers to effectively mitigate microplastic pollution in UK urban
catchments.

Figure 3: Estimated Contribution by Source of Microplastic Pollution in UK Catchments

Estimated Contribution by Source of Microplastic Pollution in UK Catchments
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Spatial and Temporal Trends

The observed spatial trend of increasing concentration downstream of urban and WWTP outfalls (Woodward et
al., 2021) is predictable and merely confirms hypotheses rather than providing new insights. The critical problem
is the lack of high-resolution spatial data to identify and remediate specific centres of accumulation in the
sediments.

The observed seasonal variations (Xia et al., 2023) are often oversimplified; a more critical view recognises that
complex hydroclimatic interactions make predictive modelling highly uncertain. The most important critical gap
is the complete lack of long-term monitoring data.

The value of such longitudinal dataset is exemplified by studies on conventional pollutants, such as the decade-
long analysis of ammoniacal nitrogen and chloride in the River Tees, which successfully tracked the impact of
regulatory measures (Omoataman, 2025).

A similar long-term commitment is needed to establish reliable trends for microplastics. This lack compromises
the ability to assess the effectiveness of policy measures such as the ban on microbeads or to understand the
long-term evolution of pollution (Munhoz et al., 2022).

Figure 4 shows a consistent increase in microplastic concentration over the past 25 years, with polyethylene
remaining the dominant polymer type. This trend underscores the long-term persistence of contamination and
the limited effectiveness of current mitigation strategies.

Studies of sediment cores indicating increasing accumulation (Li, J. M. et al., 2025) are the only convincing
evidence of an exacerbation of the problem, suggesting that current measures to curb pollution are inadequate in
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the context of increasing plastic production. The persistence of these contaminated sediments poses a huge long-
term environmental and management challenge.

Figure 4: Temporal Accumulation of Microplastics in Sediment Cores

Microplastic Concentration Over Time
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Analytical Techniques for Microplastic Identification

Sampling Methodologies

The accurate assessment of microplastic contamination in river systems requires robust sampling protocols that
account for spatial and temporal heterogeneity. Various sampling approaches have been employed in UK studies,
including bulk water sampling, net-based sampling (typically using neuston or manta trawls with mesh sizes
ranging from 100-333 um), and sediment collection using grab samplers or coring devices (Jahanpeyma &
Baranya, 2024). Each method presents advantages and limitations related to representativeness, efficiency, and
minimum detectable particle size. Sediment sampling for microplastic analysis requires careful consideration of
stratification patterns, as microplastic concentrations often vary with depth due to deposition history and
bioturbation processes. Core sampling allows reconstruction of historical contamination trends but may miss
surface-level fluctuations relevant to ecological exposure. In water column sampling, the choice of mesh size
significantly influences the size distribution of collected particles, complicating comparisons across studies using
different methodologies (Martin et al., 2021).

Figure 4: Sampling Methods Used in UK Microplastic Studies

Sampling Methods Used in UK Microplastic Studies
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Laboratory Processing and Identification

Laboratory processing approaches reported in the literature typically involves density separation to extract
microplastics from environmental matrices, followed by filtration and visual sorting under microscopic
examination. Density separation techniques using salts such as sodium chloride or sodium iodide effectively
isolate the most common plastic polymers from sediments, though some dense polymers (e.g., polyvinyl
chloride) may require alternative approaches. Oxidation or enzymatic digestion steps are often incorporated to
remove organic matter that could interfere with subsequent analysis. Advanced analytical techniques are
essential for accurate polymer identification and characterization of microplastics. Fourier-transform infrared
spectroscopy (FTIR) and Raman spectroscopy are widely employed methods that provide molecular
identification capabilities, with micro-FTIR and micro-Raman enabling analysis of particles down to the
micrometer scale. Thermal methods such as pyrolysis-gas chromatography-mass spectrometry (Pyro-GC-MS)
provide complementary quantitative data but lack visual characterization capabilities (Murugan et al., 2023).

Table 3. Comparative overview of analytical techniques used for microplastic identification in freshwater
environments.

Technique Detection Size Advantages Limitations
Principle Range
Visual Microscopic >500 um | Low cost, rapid Limited to larger
identification | examination particles, subjective
FTIR Molecular >20 um | Chemical identification, | Time-consuming,
spectroscopy | vibration size distribution water interference
Raman Molecular >1 um | High spatial resolution, | Fluorescence
spectroscopy | vibration pigment analysis interference is
expensive
Pyro-GC-MS | Thermal All sizes | Polymer quantification, | No particle
degradation small particles information,
destructive
SEM-EDS Electron >1 um Surface characterization, | Time-consuming,
microscopy elemental analysis expensive

Quiality Assurance and Control

Evidence from the reviewed literature emphasises that rigorous quality assurance and quality control (QA/QC)
measures are essential to minimise sample contamination and ensure the reliability of microplastic data.
Commonly recommended practices include the use of natural-fibre laboratory clothing, preferential use of
glassware over plastic equipment, filtration of all solutions, and the routine processing of procedural blanks to
account for airborne and laboratory-derived contamination. Such measures are widely recognised as critical
safeguards given the ubiquity of microplastics in laboratory environments. Despite these precautions, validation
of analytical methods remains challenging. Inter-laboratory comparisons and the use of certified reference
materials are limited by the complexity of environmental matrices and the current lack of universally
standardised protocols. As a result, reported concentrations and polymer profiles can vary substantially between
laboratories employing ostensibly similar methods. Recent advances in automated microplastic identification,
including machine learning based approaches, have been highlighted in the literature as promising tools for
increasing analytical throughput and reducing subjectivity in particle classification. In particular, unsupervised
machine learning techniques have demonstrated potential for detecting subtle anomalies and patterns within
complex pollution datasets that may not be readily captured through conventional analytical approaches (Owhe
et al,, 2025). Broader integration of artificial intelligence based methodologies is therefore increasingly
recognised as a transformative development for environmental monitoring and data interpretation (Ogar, 2025).
However, these approaches remain dependent on the availability of extensive, high-quality training datasets and
require rigorous validation against established analytical techniques before widespread regulatory application.

Synthesised methodological evidence suggests that future microplastic monitoring programmes would benefit
from a tiered analytical framework that prioritises standardisation and practicality. Such an approach would
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include harmonised sampling protocols particularly with respect to mesh sizes in net-based water sampling and
sediment coring strategies to improve data comparability. Laboratories should implement stringent QA/QC
procedures, including routine use of blanks and contamination controls, alongside spectroscopic techniques such
as FTIR or Raman spectroscopy for definitive polymer identification. The development and adoption of
validated, cost-effective analytical frameworks that balance accuracy with operational feasibility remains a key
priority for advancing both research and regulatory monitoring of microplastics (Badzoka et al., 2025).

Policy and Management Implications

Evidence synthesized across the reviewed studies indicates that effective management of microplastic pollution
in UK urban river systems requires a combination of source reduction, infrastructure investment, standardized
monitoring, and behavioural change interventions. Based on high-consistency findings across catchments,
preventative strategies targeting primary sources of microplastics are likely to yield the greatest long-term
impact. In particular, the dominance of polyethylene and polypropylene in river sediments highlights the need
for stricter controls on packaging materials and improved producer accountability mechanisms. A priority policy
action involves strengthening the regulatory framework by explicitly categorizing microplastics as priority
pollutants under the Environment Act 2021, accompanied by legally enforceable concentration thresholds for
freshwater systems. Such regulatory recognition would promote routine monitoring and incentivize investment
in advanced treatment technologies. Evidence from multiple UK and European catchments suggests that even
highly efficient wastewater treatment plants remain continuous emission sources due to the large volumes of
effluent processed, indicating that technological upgrades alone are insufficient without broader source control
strategies. Standardization of national monitoring protocols is also essential to improve comparability and long-
term trend assessment. A coordinated framework combining traditional sampling approaches with emerging
technologies, such as automated sensors and remote data collection systems, could enhance surveillance capacity
while maintaining cost efficiency.

Integrating quality-controlled citizen science initiatives may further expand geographic coverage, particularly in
under-monitored catchments, provided robust validation procedures are applied. Infrastructure investments
should prioritize treatment facilities discharging into environmentally sensitive or densely populated catchments.
Evidence indicates that membrane filtration and advanced separation systems can significantly reduce
microplastic loads, although implementation costs may require phased deployment strategies. Complementary
interventions addressing combined sewer overflows are equally important, as episodic discharge events have
been shown to generate substantial pollution pulses during rainfall periods.

Behavioural change remains a critical yet often underestimated component of microplastic mitigation. Studies
consistently demonstrate correlations between consumption patterns, population density, and emission rates,
suggesting that public education, improved waste-sorting practices, and incentives for sustainable consumption
could substantially reduce environmental loading.

Extended Producer Responsibility schemes, particularly within the textile and packaging sectors, may also
support innovation in material design and recycling efficiency.

At the governance level, establishing an interdisciplinary national task force could facilitate coordination among
regulatory agencies, research institutions, and industry stakeholders while maintaining alignment with
international best practices. Such collaboration would support adaptive management strategies, encourage data
sharing, and promote the development of cost-effective technologies for microplastic capture and safe disposal.

Figure S illustrates the relative proportions of waste categories and supports policy scenarios aimed at
increasing recycling rates from 46% to 70% by 2030, reinforcing the importance of integrated resource
management approaches. Generally, the evidence suggests that successful microplastic mitigation will depend
on coordinated, multi-level interventions that combine regulatory enforcement, technological innovation, and
societal engagement. Policies that prioritize high-impact sources, encourage cross-sector collaboration, and
incorporate long term monitoring frameworks are most likely to achieve sustainable reductions in environmental
microplastic concentrations.
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Figure 5. Composition of Household Waste

Composition of Household Waste

Source: Author

CONCLUSION AND FUTURE PERSPECTIVES

This study makes an important contribution by consolidating fragmented research evidence on microplastic
pollution within UK wurban river catchments, an area historically overshadowed by marine-focused
investigations. The synthesis establishes a clear baseline confirming the widespread presence of microplastics in
both water and sediment matrices, with polyethylene consistently identified as the dominant polymer. This
finding has significant implications for source attribution and policy prioritization, particularly in relation to
packaging waste and urban consumption patterns. Beyond quantification, the review highlights the complex
interaction between microplastic accumulation and organic sediment content, a mechanistic relationship that
influences pollutant transport dynamics, retention processes, and potential bioavailability within freshwater
ecosystems. Importantly, the application of a systematic, quality-assessed review framework has strengthened
confidence in the observed trends while also revealing methodological inconsistencies that limit cross-study
comparability. Variations in sampling techniques, analytical procedures, and reporting standards remain key
barriers to data harmonization, reinforcing the urgent need for standardized protocols. By synthesizing evidence
from heavily studied systems such as the Thames and Medway estuaries alongside broader UK catchments, this
review not only clarifies current pollution levels but also identifies persistent ecological knowledge gaps. In
particular, limited understanding of long-term ecosystem-level impacts, trophic transfer mechanisms, and
interactions with other environmental stressors represents a significant constraint on the development of fully
evidence-based management strategies for freshwater systems.

Research Recommendations

Future research should prioritize methodological harmonization to enable robust comparisons and facilitate
meta-analytical approaches across studies. The development of standardized protocols for sampling, processing,
and analysis would significantly strengthen reproducibility, while the establishment of certified reference
materials and interlaboratory calibration exercises would enhance analytical reliability. Particular attention
should be given to designing cost-effective monitoring techniques suitable for large-scale implementation,
including citizen science initiatives, without compromising data quality. Long-term monitoring programs are
essential for evaluating temporal trends and assessing the effectiveness of regulatory interventions such as
microbead bans and single-use plastic restrictions. Incorporating sediment core analyses into these programs
would support reconstruction of historical contamination trajectories and improve predictive modelling of future
trends. Integrating microplastic monitoring within existing water quality assessment frameworks could further
optimize resource use while building on established institutional expertise. Emerging technological innovations
also offer promising opportunities for advancing analytical capabilities. Future research should explore the
development of Al-assisted analytical pipelines capable of automating particle classification and detecting
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complex contamination patterns. Drawing from advancements in other scientific domains where Al is used to
generate custom detection signatures for complex threats (Durodola, 2025), similar approaches could enable
high-throughput identification of polymer types, particle morphology, and associated contaminants, reducing
reliance on labour-intensive manual spectroscopic analysis (Ogar, 2025).

Management Recommendations

Effective management of microplastic contamination requires integrated strategies that address both primary
sources and environmental pathways. Regulatory frameworks should incorporate product-based interventions,
such as design modifications aimed at reducing microfiber shedding, alongside improvements in wastewater
treatment technologies to minimize environmental discharge. Economic instruments, including Extended
Producer Responsibility schemes, may incentivize innovation while ensuring a fair distribution of mitigation
costs across manufacturers and consumers. Public education and community engagement also play a critical role
in reducing plastic consumption and improving waste disposal practices. Communication strategies should
emphasize the connections between everyday behaviours and microplastic pollution, encouraging behavioural
change through targeted awareness campaigns. Collaborative efforts among researchers, policymakers, industry
stakeholders, and community organizations will be essential for implementing effective and scalable solutions
to this complex environmental challenge. Strengthening partnerships across these sectors can facilitate
knowledge exchange, promote adaptive management approaches, and ensure that policy responses remain
aligned with evolving scientific evidence.
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